Introduction
Photosensitive organic polymers are preferably applied for semiconductor industry such as buffer coating [1] , interlayer dielectric and passivation [2] , a -ray shielding [3] , and protecting / insulating materials [4] . The main advantages of using these organic materials in IC and LSI devices are the processability as well as the ease to form thick film in microscopic portions [5] . It is well known that the electrical performance of ICs can be significantly improved by low k dielectric materials with a good balance of further properties such as high temperature stability, low moisture uptake, and reliable processing [6] . The conventional and commercially available polyimide made from pyromellitic dianhydride (PMDA) and 4,4'-oxydianiline (ODA) is the most widely used materials for passivation applications in microelectronics [7] . For use as interlayer and intermetal dielectrics (ILD / IMD), unavoidable moisture absorption due to the presence of the strongly polar imide groups increases its dielectric constant (e) high about 3.1-3.5, depending on the water contents of polyimide film [8] . Thus, the other organic polymers are desired to fabricate devices for microelectronics industry. In this sense, poly(aryl ethers (Tg 290 °C, 0.2 weight % loss of temperature 450 °C, water absorption 0.275, and E -2.8) are one of the candidates for ILD / IMD materials [9] . We have recently reported the fabrication of a new positive working chemically amplified photosensitive polymeric material based on partially tertbutoxylated poly(2-hydroxy-6-methyl phenol) that was synthesized from the oxidative coupling polymerization of 2-(tetrahydropyran-2-yl)oxy-6-methylphenol [10] .
Although these materials showed excellent photosensitivity, it seemed slightly difficult to prepare and purify the monomer from isomers [11] . In this paper, we describe a selective synthesis of 2-trialkylsilyloxy-6-methyl phenol, and the oxidative coupling homoand co-polymerization with 2,6-dimethylphenol catalyzed with Cu(II) -amine complex to give high molecular weight poly(aryl ether) that can readily be transformed into the corresponding poly(aryl ether) having hydroxyl moieties.
Experimental 2.1. Materials
Toluene was dried over Na and distilled under N, prior to use. Nitrobenzen was dried over CaCl2 and distilled under reduced pressure. 2,6-dimethylphenol was purified by repeated crystallization from n-hexane prior to use. Pyridine was dried over KOH and distilled under N2. Other reagents and solvents were used as received.
Synthesis of tert-butyldimethylsilylated methylphenol (TBDMS-MP)
Into a round bottom flask, 1.78 g (14.3 mmol) of 3-methylcatechol, 2.34 g (15.5 mmol) of tertbutyldimethylsilyl chloride, and 2 mL of dichloromethane (CH2C12) were placed. The mixture was cooled at 0 °C, and 0.64 mL (15.7 mmol) of triethyl amine was added dropwise for 5 min. The reaction was allowed to stir another 2 h at 25 °C, and then poured into 3% of aqueous NaHCO3 solution.
The organic layer was extracted from diethyl ether, dried over MgSO4, and concentrated.
The brown product was purified by vacuum distillation to give colorless isomeric mixture of 95% 2-tertbutyldimethylsilyloxy-6-methylphenol (TBDMS-6MP) and 5% 2-tert-butyldimethylsilyloxy-3-methylphenol (TBDMS-3MP). 90 % yield, by 57 °C / 0.07 mmHg. The mixture was used for polymerization without further purification. IR (KBr) v, 1219 (C-O-Si).
Synthesis of 2-triisopropylsilyloxy-6-methylphenol (TIPS-6MP)
This compound was . similarly prepared as TBDMS-MP (86 % yield, by 85 °C / 0.07 mmHg). IR (KBr) v 3537 (0-H stretching), 3051, 2947 3051, , 2897 3051, , 2870 3051, , 1620 3051, , 1593 3051, , 1481 3051, , 1219 . 1H NMR (CDC13, 25°C, ppm) 1.10, 1.12 (s, CH318H), 1.24-1.38 (m, CH, 3H), 2.24 (s, Ar-CH3, 3H), 5.70 (s, OH, 1H), 6.57-6.73 (m, Ar-H, 3H). 13C NMR (CDC13, 25°C, ppm) 13. 2, 16.0, 18.4, 115.2, 119.3, 123.9, 124.5, 142.7, 145.6. 
Polymerization (typical procedure)
Into a two-necked flask equipped with a oxygen inlet tube and three-way stop cock, 0.0297 g (0.03 mmol) of copper (I) chloride and 1.89 g (24 mmol) of pyridine were placed under oxygen. The mixture was vigorously stirred for 15 min under oxygen stream giving the active Cu(II) complex. Into the solution, 5 mL of nitrobenzene and 0.71 g (3 mmol) of TBDMS-6MP were added at 40 °C. After 12 h, the polymerization solution was poured into 100 mL of 1 mol / L aqueous HCl solution / McOH (10 / 90 in volume ratio), and the precipitate was washed with 50 mL of methanol, dried in vacuo at 80 °C for 12h, giving blackbrown powder (81 % yield). IR (KBr) v 2954 , 2931 , 2888 , 2857 , 1600 , 1473 , 1253 , 1195 Into a flask equipped with a dropping funnel, 0.50 g (2.12 mmol of tert-butylsilyl group) of poly(TBDMS-6MP) and 10 mL of tetrahydrofuran (THF) were placed. In this solution, 4.1 mL (4.1 mmol) of tetrabutylammonium fluoride solution in THE was added through dropping funnel at 0 °C. After 30 min, the reaction mixture was allowed to stir for additional an hour at 25 °C, and poured into 100 mL of water to precipitate the polymer. The precipitate was dissolved in THE and reprecipitated with chloroform. This was dried at 80 °C for 12 h in vacuo, giving brown solid (95 % yield). IR (KBr) v 3066 -3748 (0-H stretching), 2962, 2931, 2873 (Ar-H), 1604 (Ar-H), 1481. 1H NMR (CD,OD, 25°C, ppm) 2.09 (b, Ar-CH,, 3H), 6.70 -7.10 (m, Ar-H, 2H).
Measurement
The infrared spectra were recorded on a Horiba FT 210 spectrophotometer. 1H-and 13C-NMR spectra were recorded on a Bruker DPX-300s spectrometer.
Number-and weight-average molecular weights (Mn and MW) were measured by gel permeation chromatography (GPC) on a Jasco GULLIVER 1500 system equipped with a polystyrene gel column (Plgel 5 µm MIXED-C) eluted with CHC13 at a flow rate of 1.0 mL min 1 calibrated by standard polystyrene samples.
3. Results and discussion 3.1 Synthesis of monomers As described in Introduction, we have reported new photosensitive polymeric materials based on partially tert-butoxylated poly(2-hydroxy-6-methylphenol) that was synthesized from the oxidative coupling polymerization of 2-(tetrahydropyran-2-yl)oxy-6-methylphenol which was purified by column chromatography on silicagel from the isomer. This method is tedious and difficult to prepare the desired monomer selectively. Thus, more facsile and convenient method is desired so far. The selective formation of 1-hydroxyl protected 3-methylcatechol are expected by the reaction of 3-methylcatechol with electrophile having bulky substituents. Therefore two protective groups, tert-butyldimethylsilyl and triisopropylsilyl groups were selected (Scheme 1). Table  1 shows the results of tertdimethylsilyloxymethylphenol (TBDMS-MP) and triisopropylsilyloxymethylphenol (TIPS-MP) syntheses by the reaction of 3-methylcatechol with the corresponding silylating reagents. Although the product ratio of 2-tert-butyldimethylsilyloxy-6-methylphenol (TBDMS-6MP) and 2-tertbutyldimethylsilyloxy-3-methylphenol (TBDMS-3MP) was almost egaul in the imidazole promoted reaction in DMF (Run 1), the ratio was 95 : 5 in the case of the reaction using triethylamine in CH2C12 (Run 2). On the other hand, the selective formation of 2-triisopropylsilyloxy-6-methylphenol (TIPS-6MP) was achieved when the reaction of 3-methylcatechol with isopropylsilyl chloride was conducted in the presence of triethylamine in CH2C12 (Run 3). i i Table 2 summarizes the results of the oxidative coupling polymerization of TBDMS-6MP catalyzed with CuCI (II) under the oxygen stream. First, the polymerization was perfomed in toluene with 1 mol% of CuCI in the presence of 80 equiv of pyridine to CuCI for 4 h at 25 °C. The polymer with small Mn (2100) was obtained, and the prologed polymerization time increased the M~ (3800) with high yields (Runs 1 -2) . Increasing the amounts of pyridine, the polymer yield became low (Run 3). The Mn of the polymer decreased as increasing the polymerization temperature from 40 to 60 °C (Runs 4 -6). Using nitrobenzene instead of toluene as a solvent increased the Mn (Run 7). Other bases like picoline did not work as effective additives for the polymerization of TBDMS-6MP (Run 8).
Poly(TBDMS-6MP) was characterized by IR, 1H -NMR , and elemental analyses.
The characteristic absorptions of aliphatic C-H on tertbutyldimethylsilyl moiety and Ar-O-Si stretching were observed at 2954 -2857, and 1195 cm-', respectively. Table 3 summarizes the results of the oxidative coupling polymerization of TIPS-6MP catalyzed with CuCI (II) under the oxygen stream. In any conditions, only low Mn polymers were obtained in poor yield.
This indicated that the bulky triisopropylsilyloxy substituent on phenol ring put a serious crimp in the Cu(II)-catalyzed oxidative coupling polymerization. To elucidate the density control of OH group in the resulting poly(aryl ether), the copolymerization of 2,6-dimethylphenol with TBDMS-6MP was then investigated (Scheme 3). Table 4 summarizes the results of the copolymerization catalyzed with 1 mol % of CuCI in the presence of 80 equiv of pyridine to CuCI in nitrobenzene at 40 °C for 12 h. In any case, the corresponding polymer with around 104 of M~ was obtained in high yield with excellent monomer conversions determined by 1H NMR. The component of the resulting polymer determined by 1H NMR showed good agreement with the feed ratio of monomers, indicating that the poly(aryl ether) with desired OH density can be easily obtained by control of the monomer feed ratio.
3.4 Conversion of poly(TBDMS-6MP) into poly (2-hydroxy-6methylphenol)
Finally, deprotection of tert-butylsilyl group in the poly(TBDMS-6MP) was performed using tetrabutylammmonium fluoride. The absorptions at 1219 and 2857 -2954 cm' derived from C-O-Si and C-H stretchings in poly(TBDMS-6MP) disappeared, and new absorption at 3066 -3671 cm 1 derived from 0-H stretching was observed in the IR spectrum of resulting polymer. Table 5 shows the solubility of poly(TBDMS-6MP) and poly(2-hydroxy-6-methylphenol) at 25 °C. Poly(TBDMS-6MP) was soluble in THF, DMAc, CHCl3.and insoluble in McOH and H2O. On the other hand, poly(2-hydroxy-6-methylphenol) was soluble in THF, DMAc, McOH, and insoluble in rurr1 1 u n In summary, we demonstrated a selective synthesis of 2-trialkylsilyloxy-6-methyl phenols, and their oxidative coupling homo-and copolymerizations with 2,6-dimethylphenol catalyzed with Cu(II) -amine complex to give poly(aryl ether) with Mn of about 104 that can readily be transformed into the corresponding poly(aryl ether) having hydroxyl moieties.
